ABSTRACT. The amino acids in royal jelly (RJ) have a wide range of pharmacological and health-promoting functions in humans. Multiple studies on the amino acid quality and composition in RJ have investigated RJ harvested at 72 h after larval transfer. In contrast, the concentration of amino acids in RJ harvested before 72 h remains unknown. In this study, the concentration of free amino acids (FAAs) and total amino acids (TAAs) in RJ harvested at 13 time points between 24 and 72 h after transfer of ten Apis mellifera colonies were measured. Our results indicated that the most abundant FAAs were Pro, Phe, Lys, Glu, and Tyr, whereas the most abundant TAAs were Asp, Glu, Leu, Lys, and Val. The total FAA concentration in RJ increased with increasing harvest time, from 4.30 mg/g at 24 h to 9.48 mg/g at 72 h. In contrast, the variation in concentration of TAAs observed was a decrease-increase-decrease trend with 40 h (149.53 mg/g) and 52 h (169.62 mg/g) as inflection points. The highest and lowest concentrations of TAA were 197.96 and 121.32 mg/g at 24 and 72 h, respectively. To our knowledge, this is the first study to investigate the concentration changes of FAAs and TAAs prior to 72 h after transfer. Our results will provide theoretical support to guide production practices of beekeeping, as well as elucidate the relationship between the harvest time point and RJ content.
INTRODUCTION
Royal jelly (RJ) is a yellowish-white cream secreted by the hypopharyngeal and mandibular glands of worker honey bees from 5-15 days of age. RJ is widely recognized as a healthy and functional food for humans (Knecht and Kaatz, 1990) . At the same time, RJ is the only diet for the queen throughout her life and for honey bee larvae within three days of age (Townsend and Lucas, 1940; Scarselli et al., 2005) . The consumption of RJ affects DNA methylation processes in the queen and promotes the development of gynes (Kucharski et al., 2008) . It has been reported that RJ possesses a wide variety of pharmacological activities, including antibacterial, anticancer, antihypertensive, and antioxidative effects, which could serve therapeutic purposes promoting human health (Townsend et al., 1959; Tamura et al., 1987; Bíliková et al., 2001; Tokunaga et al., 2004; Guo et al., 2009; Kim et al., 2010; Karaca et al., 2012; Mihajlovic et al., 2014) . Hence, RJ is now widely used in therapeutic products, health foods, and cosmetics (Han et al., 2012) .
RJ is a complex compound, which contains 60-70% moisture, 12-15% crude proteins, 10-16% carbohydrates, 3-7% lipids, as well as traces of mineral salts, vitamins, and free amino acids (Nation and Robinson, 1971; Lercker et al., 1981; Howe et al., 1985; Crane, 1990; Chen and Chen, 1995) . The RJ proteins have a wide range of pharmacological and health-promoting functions in humans. As a highly protein-rich food, the nutrition of RJ is to a large extent determined by the amino acid concentrations (Matloubi et al., 2004) . Thus, determination of the concentrations of total amino acids (TAAs) and free amino acids (FAAs) is an effective method for evaluating RJ quality (Boselli et al., 2003; Wu et al., 2009; Zhao, 2014) .
In general, commercial RJ is produced by transferring one-day-old larvae into artificial queen cells to induce nurse bees to secrete RJ in the cells (Chen et al., 2002) . The majority of the produced RJ is harvested at three days (72 h) after larval transfer because, at this time, the amount of RJ in the queen cells reaches its peak (Lercker et al., 1981) . In recent years, some producers sell RJ that was harvested at two days (48 h) or one day (24 h) after transfer. These earlier harvests shorten the production cycle, but few studies have investigated any difference in the nutritional composition of RJ harvested at different times after transfer. Shen (1991) compared the composition of RJ harvested at 48 and 72 h after transfer, with the aim of identifying freshness indicators. In addition, Zheng et al. (2011) investigated the changes in moisture, protein, 10-HDA, total sugar, acidity value, and superoxide dismutase activity in RJ harvested at 24, 48, and 72 h after transfer. However, to the best of our knowledge, no study has investigated the changes in amino acids in RJ harvested prior to 72 h after transfer.
In this study, the 24-to-72-h harvest interval was subdivided into 13 equidistant time points and the amino acid concentrations were measured at each time point. Our aim was to provide theoretical support to guide production practices of beekeeping, as well as to elucidate the relationship between harvest time point and RJ content.
MATERIAL AND METHODS

Reagents and standards
The 17 individual amino acid standards, including aspartic acid (Asp), threonine (Thr), serine (Ser), glutamic acid (Glu), glycine (Gly), alanine (Ala), valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), lysine (Lys), histidine (His), arginine (Arg), proline (Pro), and cysteine (Cys), were purchased from Sigma (Shanghai, China). All the analytical grade reagents (trisodium citrate, sodium hydrate, sodium chloride, hydrochloric acid, citric acid, ethyl alcohol, phemethylol, thiodiglycol, polyoxyethylene lauryl ether, triketohydrindene hydrate, and octanoic acid) were purchased from Kelong Chemical Regent Company (Chengdu, Sichuan province, China).
Samples
The colony and RJ sample preparation followed the methods of Zheng et al. (2011) . Ten colonies of genetically unrelated Apis mellifera were randomly chosen to produce fresh RJ in Chongqing, China. To ensure that the RJ production progressed smoothly and to ensure that the experimental conditions were the same, feeding with sugar was conducted throughout the experiment. Worker larvae of approximately 1 day of age were transferred into clean plastic queen cell cups. One frame containing four strips of plastic queen cups (N = 32 per strip) was used for each colony. The frame was placed in the honey compartment of the hives. Subsequently, the queen cell frames were removed from the colonies at 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68 , and 72 h after transfer. At this time, the wax covering the cups and larvae in the cells were removed. The RJ in each cup was collected within 3 min and immediately frozen at -20°C and conserved at this temperature until the amino acid analysis was conducted.
Moisture analysis
The moisture analysis followed the RJ quality standard method published in 2002 by the AQSIQ (General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China, 2002). Moisture was measured by weight loss upon drying in a vacuum drying oven.
Extraction of FAAs
RJ (0.1000 g) was dissolved in 25 mL deionized water and dispersed for 15 min with the help of a ultrasonic cell disruptor (Xinzhi Company, Ningbo, China) until it was homogenized. To deposit the proteins, 1.5 mL RJ solution was mixed with 8.0% sulfosalicylic acid, adding up to 6.0 mL. The solution was centrifuged for 5 min at 1430 g and the supernatant was then filtered using a 0.45-mm microporous filter, prior to injecting it into the L-8800 amino acid autoanalyzer (Hitachi Ltd, Tokyo, Japan) (González Paramás et al., 2006) .
Extraction of TAAs
RJ (0.1000 g) was carefully weighted and transferred into a 20-mL pyrex screw-cap tube. Subsequently, 10 mL 6 M HCl was added and the mix was homogenized for 1 min using a vortex machine (Scientific Industries Company, USA). A moderate stream of purified nitrogen was blown into the liquid to remove the air in the tube. The tightly sealed tube was then kept upright in an oven at 110° ± 1°C for 22 h. Subsequently, the tube was removed from the oven and allowed to cool to room temperature. At this point, the acid hydrolysate was filtered through a qualitative filter paper (Jiaojie Company, Liaoning, China), neutralized to pH 7.0 using 6 M NaOH, and redissolved in deionized water to a total volume of 50 mL. The acid hydrolysate was then filtered using a 0.45-mm microporous filter (Millipore, MA, USA). Before injection into the amino acid autoanalyzer, 1 mL filtrate was mixed with 1 mL hydrochloric acid solution.
Preparation of standard substance and chromatographic conditions
Ten microliters of amino acid standards was carefully measured and transferred into volumetric flasks and filled up to 1 mL using deionized water. All analyses were performed on a L-8800 amino acid autoanalyzer (Hitachi Ltd., Tokyo, Japan), following the manufacturer instructions. A 4.6 x 60 mm ion exchange column was used and the mobile phases comprised a buffer, triketohydrindene hydrate, and water. The flow velocity and detective wavelength of the buffer were 0.400 mL/min and 570 nm, respectively, whereas the flow velocity and the detective wavelength of the triketohydrindene hydrate solution were 0.350 mL/min and 440 nm, respectively. The temperatures of the column and reactor were set to 57° and 153°C, respectively, and the injection volume for all samples and standard solutions was 20 mL.
Data analysis
Microsoft Office Excel 2007 and ANOVA of the SAS 9.2 software were used to deal with data. The concentrations of FAAs were calculated using the square of the difference between the sample FAA and the corresponding standard FAA. Each sample was detected three times and the mean and SD were calculated. The calculation method of TAA concentrations were the same as FAAs. The essential amino acid (EAA) percentages were calculated based on the proportion of each particular amino acid of the total for all the amino acids.
RESULTS
Moisture of RJ harvested at differential times after transfer
The moisture of RJ harvested at the 13 different time points after transfer are shown in Figure 1 . In general, the RJ moisture increased with increasing time after transfer. The highest and lowest RJ moisture contents were 50.2 and 67.2%, detected at 24 and 72 h after transfer, respectively. An ANOVA analysis indicated that the RJ moisture harvested at 48 to 72 h was significantly greater than RJ harvested at 24 to 32 h after transfer (P < 0.05). In addition, the RJ harvested at 32 h was significantly greater than RJ harvested at 24 h after transfer (P < 0.05). 
Chromatograms of RJ amino acids
Following the autoanalyzer manufacturer instructions, 20 mL standard amino acid solutions were carefully injected, to obtain standard chromatograms (Figure 2 ). Subsequently, FAAs and TAAs were injected, to detect the sample FAA and TAA concentrations. 
FAA concentrations of RJ harvested at different times after transfer
The concentrations of 17 FAAs, including Asp, Thr, Ser, Glu, Gly, Ala, Cys, Val, Met, Ile, Leu, Tyr, Phe, Lys, His, Arg, and Pro, were calculated were calculated using the square of the difference between the sample FAA and the corresponding standard FAA. Each sample was detected three times and the mean and SD was calculated. The results are presented in Table 1 . The figures represent the total number and percentage of different amino acid residues present in the T2R16 protein.
The main FAA was Pro with the concentration of 5.38 mg/g, which counted for half of the total FAA detected in RJ harvested at 72 h after transferring. Following Pro, the most abundant FAAs were Phe (1.30 mg/g), Lys (0.86 mg/g), Glu (0.34 mg/g), and Tyr (0.33 mg/g).
The total FAA concentration in RJ increased with increasing harvest time. Overall, the lowest (4.30 mg/g) and highest (9.48 mg/g) concentrations were observed in RJ harvested at 24 and 72 h after transfer, respectively. The lowest and highest concentrations of Asp were 0.06 and 0.25 mg/g detected at 24 and 60 h after transfer, respectively. Thr was not detected at all except in RJ harvested at 72 h after transfer (0.06 mg/g). Ser was not detected at 32 and 52 h, and the largest concentration was detected at 72 h after transfer (0.04 mg/g). Ala was not detected before 36 h after transfer and the highest concentration was detected at 40 and 72 h after transfer (0.04 mg/g). Val was not detected before 64 h, with the exceptions of 44 and 56 h. From 0.02 mg/g detected at the 68 h harvest, the concentration of Val rapidly increased to 0.10 mg/g at 72 h. The lowest and highest concentrations of Arg were 0.03 and 0.06 mg/g, harvested at 36 and 72 h after transfer, respectively. The RJ concentrations of Glu, Pro, Gly, Cys, Met, Ile, Leu, Tyr, Phe, Lys, and His were lowest at 24 h and highest at 72 h after transfer, respectively.
TAA concentrations in RJ harvested at different times after transfer
Following the method of Zhao (2014) , the concentrations of the 17 TAAs were detected and calculated using the square of the difference between the sample TAA and the corresponding standard TAA. Each sample was detected three times and the mean and SD were calculated. The results are shown in Table 2. TM helix, transmembrane helix. [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [257] [258] [259] [260] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [284] [285] [286] [287] [288] [289] [290] [291] [292] [293] [294] [295] [296] [297] [298] [299] [300] [301] Our results showed that, at 72 h after transfer, the most abundant TAA was Asp, with a concentration of 22.27 mg/g, followed by Glu (16.94 mg/g), Leu (10.65 mg/g), Lys (9.10 mg/g), and Val (8.13 mg/g). The concentration variation trend of the TAAs was more consistent compared to the FAAs. As is shown in Table 2 , the concentration of all the TAAs combined was highest at 24 h (197.96 mg/g). It then rapidly decreased to 149.53 mg/g at 40 h. Subsequently, an increase to 169.62 mg/g was observed at 52 h, followed by a consistent decrease until 72 h (121.32 mg/g). Consistent with the overall pattern, Asp, Thr, and Ser displayed the decrease-increase-decrease pattern over time, with the intermediate increase occurring between 40 and 52 h. In the other TAAs some variation in the intermediate patterns were observed, but without exception, all TAAs consistently showed the overall high and low occurring at 24 and 72 h, respectively.
Analysis of EAAs in RJ harvested at different times after transfer
The contents and proportions of EAAs play a pivotal role in estimating the nutrition value of food. These days, the amino acid contents recommend by WHO/FAO is widely used to measure the EAAs in food. The EAA concentrations in RJ harvested at different times are presented in Table 3 . Our results indicated that, with the exception of Met and Phe, the proportions of Val, Ile, Leu, Thr, and Lys were higher than the standard values recommend by WHO/FAO at all time points. The highest and lowest proportions of total EAAs were 40.10 and 35.33%, occurring at 36 and 64 h, respectively. 
DISCUSSION
RJ is a complex compound containing 60-70% moisture; however, few studies have studied investigated the moisture content in RJ harvested before 72 h after transfer. Zheng et al. (2011) showed that the moisture contents of RJ harvested at 24, 48, and 72 h, were 53.3, 62.8, and 64.3%, respectively. In this study, a total of 13 time points were investigated from 24 to 72 h. Our results indicated that the lowest and highest moisture contents were 50.2 and 67.2% at 24 and 72 h after transfer, respectively. A constant increase in moisture content was observed in RJ between these time points (Figure 1) , which was consistent with the observations of Zheng et al. (2011) .
In the present study, the total FAA concentration in RJ was found to increase consistently with increasing harvest time. This indicates that the FAA consumption of young larvae decreased over time. The total FAA concentration in RJ was 9.48 mg/g at 72 h. This finding was similar to that of Wu et al. (2009) (9.21 mg/g ). The slightly higher value observed in the present study may be due to differences in location and food source. The most abundant FAA was Pro, with 5.38 mg/g RJ harvested at 72 h after transfer, which was consistent with the results in previous studies (Takenaka, 1987; Boselli et al., 2003; Wu et al., 2009) . Given that RJ is the only food for the queen and young bee larvae, Pro may play an important role in bee growth.
Amino acids are the basic component of proteins, and changes in the TAA concentration are therefore believed to reflect changes in RJ protein contents. Zheng et al. (2011) reported that the crude protein contents in RJ harvested at 24, 48, and 72 h after grafting were 19.6, 16.2, and 15.0%, respectively. In agreement with these changes in RJ protein, our data indicated that the TAA concentrations in RJ harvested at the same time points were 197.96, 157.06, and 121.32 mg/g, respectively. However, the change in concentration observed was not a simple decrease. Following a steady decrease from 24 to 40 h (149.53 mg/g), an increase was observed from 40 to 52 h (169.62 mg/g), followed by a decrease to 72 h. The rapid decrease in TAA concentration in RJ harvested before 40 h after grafting may be caused by a dilution effect driven by the rapid increase in moisture. Together with secretion of TAAs from worker honey bees, a reduction in the moisture increase may have resulted in the observed increase in TAA concentration to 169.62 mg/g at 52 h. The rapid decrease in TAA concentration observed after 52 h may have been caused by a dilution effect due to increased moisture content combined with higher larval consumption as the larvae grew bigger and bigger. The five most abundant amino acids in RJ harvested at 72 h included Asp, Glu, Leu, Lys, and Val. These results are in agreement with the findings of Zheng et al. (2011) and showed only minor differences compared to those of Zhao (2014) who observed that the five most abundant amino acids, including Asp, Glu, Pro, Leu and Lys, in RJ which was purchased in the market. The minor discrepancies found may be due to differences of RJ samples.
The contents and proportions of EAAs play a pivotal role in estimating the nutrition value of food. Previous studies have detected eight EAAs in RJ (Wu et al., 2009 ). In contrast, only seven EAAs were detected in the present study. Because the samples in this study were treated with acid hydrolysis, all Trp were destroyed. A more appropriate method is needed for a complete amino acid investigation of RJ. Our data indicated that the proportions of all EAAs except Met and Phe were higher than the standard values recommended by WHO/FAO, which was in agreement with the findings by Zhao (2014) .
In conclusion, or results indicated that the moisture of RJ increased consistently from 24 to 72 h after transfer. The total FAA concentration in RJ increased with increasing harvest time, from 4.30 to 9.48 mg/g, at 24 and 72 h, respectively. The most abundant FAAs were Pro, Phe, Lys, Glu, and Tyr. The variation in concentration observed in the TAAs was more consistent than that observed in the FAAs. The five most abundant TAAs were Asp, Glu, Leu, Lys, and Val. With the exception of Met and Phe, all the EAA proportions were higher than the standard value recommended by WHO/FAO. To our knowledge, this is the first study on the changes in FAA and TAA concentration prior to 72 h after transfer. This provides theoretical support that may guide the production practices of beekeeping, as well as an in-depth study of the relationships between harvest time point and RJ contents.
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